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Thermal behaviour of iron molybdate, Fea(Mo04h, 5H20, has been studied by DTA and TG
techniques and the different transition products obtained therein have been characterized by
X-ray diffraction, infrared and Mossbauer spectroscopy. DTA thermogram shows one endo-
thermic peak at 120°, one endothermic dent at 350°, one exothermic peak at 370° and another
small endothermic peak at 805°. The TG, X-ray, infrared and Mossbauer results indicate that
the first endotherrnlc peak is due to dehydration. At about 350° iron molybdate undergoes
decomposition to the component oxides, Fe20. and MoOa• At 370° these oxides then undergo
phase changes to a-Fe20. and Mo03• At higher temperature, MoO. further decomposes to
lower valent oxides of molybdenum.
BHATTACHARYYA and coworkers havesuccessfully introduced DTA and TG tech-niques in the study of structural properties
of single, binary and ternaryoxide catalyst systems
of both theoretical and industrial importance.
The important findings were summarized in two
review articles':", Molybdates are known to be
in use for catalytic oxidation and desulphurization
reactions=!". Besides its other uses, iron molyb-
date is known to be in use in industry for the pro-
duction of formaldehyde by oxidation of methanol.
Literature on the physico-chemical properties
of transition metal molybdates is very meagre.
In the present paper results of our investigations
on thermal characteristics of iron molybdate by
DTA, TG techniques and characterization of the
different thermal transition products by X-ray
diffraction, infrared and Mossbauer spectroscopy
have been presented.
Materials and Methods
Preparation of the sample - A solution of ammo-
nium molybdate (200 g in 4 litres water) was pre-
pared by warming at 60°. Similarly a solution of
ferric chloride (110 g in 2·2 litres) was prepared.
The two solutions were mixed, the yellowish green
iron molybdate precipitate was filtered, washed
thoroughly and dried at room temperature for 6 hr,
followed by drying at 60° for 12 hr and at 120° for
6 hr (ref. 14). All the reagents used were of
AR quality.
Chemical analysis - Mo(VI) was analysed as
lead molybdate (PbMo04) by precipitation from its
solution with lead acetate at PH 3 in acetic acid.
Fe(III) was precipitated as ferric hydroxide. This
was dissolved in HCI and estimated volumetrically.
*Present address: Department of Chemistry, Indian
Institute of Technology, Kharagpur.
Water was estimated by the absorption of water
on magnesium perchlorate using Coleman carbon-
hydrogen analyser. Ammonia was estimated by
digestion of a known weight of the sample in alkali
followed by back titration of the excess standard
acid left after the absorption of liberated ammonia.
Instrument and procedure - The instrumentation
and procedure of differential thermal analysis,
thermogravimetric analysis, X-ray diffraction and
infrared spectroscopy has been described earlier15,16.
Miissbauer spectra - These were recorded with
a constant acceleration spectrometer using an
electromechanical transducer and a multichannel
analyser in the time mode. The velocity scale
was calibrated using an iron-foil spectrum. All
spectra were measured at room temperature. The
source used was of 5 mC 57COin a stainless steel
matrix. The absorbers contained 8 mg of natural
iron/em".
Results and Discussion
The chemical composition of the compound is
established as Fe2(Mo04h.5H30 (Fe=16·28% ~
Mo=41·95%; H20=13·32%).
Fig. 1 represents the thermograms of iron molyb-
date in air. The DTA curve shows two endother-
mic peaks at 120° (range 30-330°) and 805° (range
770-825°) and an exothermic peak at 370° (range
360-380°C). However, there appears a small endo-
thermic dent at 350° (range 340-360°). The TG
curve indicates a continuous weight loss right from
the room temperature to about 330°. This amounts
to 13·4%, which corresponds to the loss of 5 mole-
cules of water indicating that iron molybdate
catalyst gets completely dehydrated at this tem-
perature. From 350° to 800° there is practically no
weight loss but at about 800° there is a sudden loss
of weight, which indicates that the catalyst under-
goes further decomposition to lower valent oxides.
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Fig. 1 - DTA and TG of iron molybdate pent ahvdrat o
X-ray analysis shows that at 330° iron molybdate
exhibits certain d-values corresponding to the
presence of anhydrous ferric molybdate (d-value:
4·081) and does not show any sign of decomposition.
At 400° the d-values (3,65, 3'28, 3'02, 2·695, 1·833)
show the lints for IX=Fe203 and MoOs and at 800°
in addition to the above d-values some lines appear
due to the presence of Mo02, M090~6 (d-values:
3'214, 2'924, 1·70). It is very difficult to analyse
all the lines and identify them with the standard
lines given in ASTM index but it is quite probable
that at higher temperatures the sample is a mix-
ture of IX-Fe203 and different oxides of molybdenum.
Results of infrared studies of iron molybdate
heated to different temperatures are as follows.
The original samples exhibits bands at 960, 840,
725 em:", which are indicative of the pre3ence of
v Mo-O as in the case of normal molybdates
and at 3400, 1620, 1160 cm! due to partially
absorbed water. In this case the band at 960 em"!
is due to Mo=O in pure ferric molybdate'"?".
The nature of the spectrum remains unaltered at
330°, except that the bands characteristics of water
are absent thus confirming that all the water present
were removed at this temperature. At 4000 and
800° the sample exhibits bands at 830, 720 600
em? and 820, 715, 610 crrr? respectively indicating
that the catalyst has suffered some structural changes
beyond 330°.
The Mossbauer spectra of the original sample
of ferric molybdate, Fe2(Mo04)3.5H20, and the
same sample heated at 330°, 355°, 372° and 400°
were obtained with a view to confirming the con-
clusions drawn from DTA and X-ray measurements.
In addition, it can reveal more closely the nature
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of the species present with regard to their valency
states and geomotry in which the iron ions are
situated. Such informations will be of particular
value in understanding the mechanism of the various
reactions.
Mossbauer data support our earlier observation
that iron molybdate gets completely dehydrated
",,330° followed by endothermic decomposition
",,350° to ferric oxide and molybdenum oxide,
which undergo phase changes to a-Ft203 and Mo03
at about 370° and above. Representative spectra
are shown in Fig. 2. The isomer shift (i.s.) value
(relative to iron) and quadrupole split (q.s.) data
along with the line widths for the unresolved spectra
arc given in Table 1. The i.s. and q.s. values
obtained by resolving the spectra by Shirene's
method-", of the anhydrous ferric molybdate have
been reported earlier!", These values agree very
well with those obtained by the present authors,
with the sample heated at 330°, though the spec-
trum is less resolved compared to the reported spec-
trum. The spectra of the different specimens have
a fair degree of resemblance to each other. The
quadrupole split value initially drops and then
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Fig. 2 - Mossbauer spectra of (A) iron molybdate penta-
hydrate, (B) of the same sample heated at 3300 (dotted
lines represent the quadrupole split) and (C) sample heated
at 4000
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TABLE 1 - RESULTS Or' ?l16:-;SJ3AUER SPECTROSCOPY
i.s. relative to
Fe ioil
(mmscc)
q.s . Line-width fur the
(mmsec) unres ilved spectra
(mm.scc}
110
330
355
370
400
0--1-8
(H3
1.1-43
0·43
0·46
C'51 1·02
u·27 0'55
()--48
{)·51
0·735
shows a regular rise with heat treatment at increas-
ing temperatures. This trend is also indicated by
the change in the line-widths of the unresolved
spectra.
The isomer shift values and quadrupole split
are typical of high spin Fe3+ (d5) compounds. The
poorer resolution of the Mossbauer spectrum for
ferric molybdate compared to the previously report-
ed spectrum may be due to the difference in the
method of preparation and the small quadrupole
split value encountered. The close resemblance
of the isomer shift values and Iineshapes indicates
that ferric molybdate remains as the major com-
ponent throughout the temperature region under
investigation. Quadrupole splitting in high spin
Fe3+ (d5) configuration arises predominantly due
to the contribution by the lattice charges to the
electric field gradient (e.f.g.). A non-vanishing
e.f.g. due to asymmetric charge distribution at the
iron site in ferric molybdate is also in accordance
with the orthorhombic structure reported for the
compound-". The higher quadrupole split observed
in the case of the pentahy.lrate can be altributed
to the additional contribution to e.f.g. by the water
mclecules which act as dipoles. The regular rise
in q.s. and line widths in the case of specimens
heated to temperature higher than 355° may arise
due to structural changes or due to the fcrmation
of an additional component. X-ray data of the
sample heated at 400" indicate the presence of './.-
FeL03• One may therefore attribute the above
feature to the gradual increase in the amount of
(1.-Fe203 formed due to slow decomposition. The
spectrum of the sample heated at 400~ is particularly
broad and noticeably non-Lorcntzian, The spec-
trum of the same sample scanned over larger velo-
city range (± 6 mrn/sec) show small absorption
in the wings. iX-Fe20S with hyperfine interaction
can be expected to give rise to absorption in the
higher velocity regions. The percentage of this
compound present has not, however, been found
to be considerable to extract the Mossbauer para-
meters.
From the above studies it may be concluded
that iron molybdate gets completely dehydrated
at 330° to amorphous iron molybdate. Just after
dehydration it starts decomposing to amorphous
ferric oxide and molybdenum trioxide which then
undergo phase change immediately to iX-Fe203 and
Mo03 at about 370°. Further decomposition of
.Mo03 occurs at about 800
0 and beyond.
Literature survey rcveals-' that iron molybdate
exhibits its catalytic activity within the temperature
range 350-440° but the maximum activity is regis-
tered'' between 350° and 360°. It is clear from our
structural studies that at this temperature iron
m~lybdate gets decomposed into its component
oxides FeJOa and Mo03 after complete elimination
of water, free and bound, and exhibits maximum
surface area.
Acknowledgement
The authors wish to extend their thanks and
grat~tude to Cat~lyst Research and Development
Section and Physical Research Wing, FCr. Sindri
for their kind cooperation in taking the TG and
X-ray patterns of the catalyst studied. They are
also thankful to Dr K. V. Reddy, IIT, }Iaclras,
for Mossbauer measurements.
References
1. DHATTACIHRYY,\, S. K. & G,\XGULI, N. D., Proc, .iat
III st. Sci. India, 27A (1961), 588. .
2. BHArnCHARYYA, S. K. & D.-\TTA, N. C., j. thermal Ana-
lysis, 1 (1969), 75.
3. L\IlS0c-/,_-\LFRED 1'., ~S Pat. 2,405,963, 20 '\U;just 1966.
4. PO;O\;' D. I., PROKOP EV, E. 1'. & SHRU]{ATOV.~, L. :l.,
[JSSR Pat. 147,581, 7 July 1965.
5. GEL'BSHE'l'EIc-/, .\.. 1., STROEV,\, S. S., KUL'KOVA, N. V
D.\KSHI, YU. :\1. & L.WJDUS, v. L., CIWNi. Abstr 63
2813h. .,
6. MASTSCH\,PPl], ,". V. 8: KISTER, ALBERT T., Belg. Pat.
618,223, 28 November 1962. .
7. DACITE, M.\HIO & COLLl0:AH, .·\;lIILEAHE, Cliim Lnd
(Milan)' 47 (1968). 821. . .
8. B~'~JJS'~" PH: ,:-., K ..\PTE!J ;\IS, C. ].. LJPl'D;S, B. C. &
.: ,C].LIT, (',' C" A.. , j. Catalysis, 7 (1967), 33.
9. 1 ~FEIW, I'., CEX','OL\, 1'., P,\.SQUON, 1. & JIRU, P.,
• roc. [ourtli t ut . coug . OJ! catalysis, Nloscow 1968.
10. THIFERO, F., CE!\T 0 !..A , 1'. & V\SQUON, I. J. Catalysis
10 (1968). 86. " ,
11. COUR'fEY, P., ,\JOT, H. & DEDION, B., c». Acad. Sei
Ser., 276 (1973), 1147. .
12. Pr nxrcoxn. 1:\., LTBEIHr, G. & ERsIClr, L., Proe. [o urih
int, congo OJ! catalysis, iV!OSCOiiJ, 1968.
13. L.\ Cln;>;,\STI<A, A., FEIlRAGIN,\, C. & CrCO"ETTl I
, Proc . third i:lt. co~;f. '": thermal analysis, 2 (1971): 239:
14. Montecatinc Societa Cencra.lo per 'I industria mirier-
rar ia e Chimiea, Ital., 599, 11 November 1959.
15. DHATTACH,\RYYA, S'. K. 8: RAM,\CHA;\IDHAN, V. S., Bull.
nett. 1nst, SCI. Illdla, 12 (1959), 23.
16. SlNIIA:\lAHAPATRA, P. K. & BH.\TTACHAHYYA, S. K
J. thermal A naivs is, 8 (1975), 45. .,
17. SHlRANE, G., Cox, D. E. & Runv, S. L. Phys. Rev
125 (1962), 1158 ,.,
18. HEH~ENB~RG, C. L. & RILEY, D. L., j. pliys. C1ze11l.sau« 30 (1969), 2108.
19. PLYASOVA, L. 1'1., KLEVTSOVE, R. E., BOHISOV, S. V. &
KEFELl, L. :.vI., Dokl. Akad. Nauk, SSSR 167 (1966'
84. ' "
975
